Abstract. We provide a new correctness criterion for unit-free MLL proof structures and MELL proof structures with units. We prove that deciding the correctness of a MLL and of a MELL proof structure is NLcomplete. We also prove that deciding the correctness of an intuitionistic multiplicative essential net is NL-complete.
Introduction
The proof nets [Gir87, DR89] of Linear logic (LL) are a parallel syntax for logical proofs without all the bureaucracy of sequent calculus. They are a non-sequential graph-theoretic representation of proofs, where the order in which some rules are used in a sequent calculus derivation, when irrelevant, is neglected. The unitfree multiplicative proof nets are inductively defined from sequent calculus rules of unit-free Multiplicative Linear Logic (MLL). A proof structure is freely built on the same syntax as proof nets, without any reference to a sequent calculus derivation.
In LL we are mainly interested in the following decision problems: Deciding the provability of a given formula, which gives the expressiveness of the logic; deciding if two given proofs reduce to the same normal form, i.e. the cut-elimination problem which corresponds to program equivalence using the Curry-Howard isomorphism; and deciding the correctness of a given proof structure, i.e. whether it comes from a sequent calculus derivation. For this last decision problem, one uses a correctness criterion to distinguish proof nets among proof structures. Work supported by project NO-CoST (ANR).
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Correctness is equivalent to provability for unit only MLL because proof nets are formulae syntactic trees. However it is not so obvious for the propositional case as one can observe following the long story of correctness criteria: For other fragments of Linear Logic, some of these criteria apply or are extended as for MELL 1 [Dan90, GM01]. A feature of these criteria is that they successively lower the complexity of sequential, deterministic algorithms deciding correctness for MLL. Switching from proof structures to paired graphs, that is undirected graphs with a distinguished set of edges, we give a new correctness criterion for MLL and more generally for MELL. This new correctness criterion gives us a lower bound for the correctness decision problem for both MLL and MELL. This lower bound yields an exact characterization of the complexity of this problem, and induces naturally efficient parallel and randomized algorithms for it.
The paper is organized as follows: we recall preliminary definitions and results in linear logic and complexity theory in Section 1. Section 2 is devoted to the exposition of a new correctness criterion for unit-free MLL and MELL with units. We prove its NL-completeness in Section 3, and the NL-completeness of the criterion for IMLL in Section 4.
Background

MLL and Proof Structures
Roman capitals A, B stand for MLL formulae, which are given by the following grammar, where and are duals for the negation ⊥ , accordingly to De Morgan laws:
